ABSTRACT
Introduction
The biodiversity of the new-discovered yeast species significantly increased the last fifty years. According to the regularly edited "The yeasts, a taxonomic study", they were around 700 in 1998 and will approach 1000 species in a future edition in 2016, as more and more yeast habitats, not investigated earlier, would be explored (4) .
One reason for this continuous interest is the searching for strains with potential biotechnological application, such as high ethanol accumulation, hyper-productivity of certain exoenzymes, etc. In the present study we describe new yeast strains, capable to degrade the starch, belonging to seven different species from various ecological niches. Our attention was focused on yeast species, living in potential endo-symbiosis with insects, as it is currently unknown how widespread they are or what is their role in the above relationship.
Materials and methods

Yeast strains, media and cultivation conditions
Twenty yeast strains were isolated from different ecological niches: from plants and insects, inhabiting Bulgarian mountains, from fermented foods and wine. The probes were taken aseptically and the corresponding microflora was isolated as pure cultures.
Endosymbiotic yeasts from insects were obtained by dissecting various internal body parts after initially insect treating with ethanol (70%) for 60 s to eliminate any yeast associated with the outer surfaces. The strains were grown in YPD medium (10 g/l yeast extract, 20 g/l peptone, 20 g/l glucose) and maintained at slant agar at 4 ºC, or frozen at -80 ºC with 15% (w/w) glycerol added.
Cell growth was monitored by a measurement of optical density of the broth (OD 620 ), using a spectrophotometer Spekol 11. Identification The identification of the yeast isolates lied on their phenotypic and biochemical characteristics. The cell morphology was observed by immersed microscopy. Gram reaction was performed by the by the KOH method (9) Yeasts were point-inoculated onto the surface of the agar using a sterile loop and the plates were incubated at 30°C for 2-3 days. Following incubation, the plates were flooded with iodine. Starch hydrolysis was detected as a clear zone surrounding the yeast colony, against the blue coloured starchiodine complex (2). The residual starch content was determined by measuring the light absorption of the iodine-starch complex color at wavelength 580 nm (7) .
Analytical methods
The quantification of glucose, lactic and succinic acids concentrations was carried out after filtration of cultures through a membrane filter (0.45 μm pore size, Boeco, Germany) by a high-performance liquid chromatography (HPLC) system equipped with a refractometric detector (Perkin Elmer chromatograph, series 10). A HPLC column (Aminex HPX-87H, Bio-Rad, Richmond, California, USA) was used with 5 mM sulphuric acid as the mobile phase at an elution flow rate of 0.6 ml/min.
Results and Discussion
The present study included the isolation, identification and estimation of the amylolytic properties of yeasts, inhabiting various ecological niches. Among twenty pure cultures, nine different yeast species were detected. The strains' designations, species affiliation and their origin are shown in Table 1 .
The yeasts, belonging to genus Metschnikowia and Saccharomyces were found both in insect and plant probes. The genus Geotrichum was presented only in pickled vegetables, Wickerhamiella and Clavispora -only in plants, whereas genera Debaryomyces, Kloeckera and Rhodotorula were isolated only from insects.
Regarding the small number of analyzed probes, it is hard to discuss the species content of the investigated yeast sources in general. However, other authors convinced that the Metschnikowia relatives, isolated from plants, were closely associated with the beetles and were spread by them, same as the genus Wickerhamiella which was allied to the flies (5) .
While some of the taxa (Rhodotorula, Debaryomyces) are ubiquitous and are not likely to be associated specifically with a host insect (10), other yeast species have a more restricted distribution and a more specific role in the insects from which they were isolated. For instance, Candida bombicola may be an important dietary element in Hymenoptera insects feeding on flower nectar, as it was suggested by Zacchi and Vaughan-Martini (13) . The recurrent presence of a yeast species on similar substrates is the basis of the premise that specific relationships exist between the microbial and insect communities (8) . With the aim to clarify which substances are potentially included in this relation, we performed a detection of metabolites, produced in significant amounts by the new isolates. Cultivation in media, containing 20 g/l glucose was carried out. It was found that fourteen strains were able to accumulate high concentration of ethanol, as the representatives of the genus Saccharomyces (3P, D4) achieved highest amounts of 8.5 g/l. The strains 57 and 4L3 (Metschnikowia reukafii) secreted over than 1 g/l succinate; all strains produced some lactic acid, as 12 and T3 (Geotrichum and Kloeckera) -more than 2 g/l (Fig. 1) .
Interestingly, the strains 3L3 and 4L1 didn't consume successively the glucose, as they preferred starch as a carbon source.
The starch is an abundant and cheap plant material -the natural carbon and energy store, used by various living organisms. The production of amylases by yeasts is of For testing of amylolytic ability of our isolates, we performed the starch-agar hydrolysis method and batch cultivation in media, containing 20 g/l starch. In spite of the isolates' vigorous growth at the starchy plates, there were no zones observed around the colonies, indicating that none of the strains produced alpha-amylases. However, in batch cultures, three strains significantly consumed the starch and decreased its concentration twice for five days: D4, 3L3 and 4L1 (Fig. 2) . Our results enabled us to propose that a glucoamylase took part in this conversion. This enzyme release single glucose residua from the end of the starch molecule and determine the weak amylolytic properties of Saccharomyces (11, 12) .
On the other hand, the amylases secretions by yeasts are highly dependent on the medium composition. Only in some cases the soluble starch and dextrin are the best carbon sources for inducing this activity. Other amylases are produced constitutively and require the presence of glucose as well as a starch substrate (3). Certain sugars, already present in the medium, could repress amylase production in some species.
In conclusion, the amylolytic activity of the new isolated yeast strains was proved, but it could be significantly increased by further optimizations of the media content and cultivation conditions. Analysis of the metabolites, obtained in the process of the starch hydrolysis is in progress. 
